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. 2 parts in model-space
Outline

3 parts in energy-space

® PeV and keV neutrino signals

the “neutrino-oscillation portal”
and enhanced interactions of new neutrinos

® MeV dark matter signals

neutrino experiments as dark matter detectors,
in particular searches for Ov23 decay
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PeV signals
from neutrinos

..preliminary explorations

w/ M. Kamionkowski and M. Pospelov
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lceCube
high energy neutrino flux

Aartsen et al. 2013
talks by Whitehorn and Kopper @ IPA2013, ...

o ICECLIbe IC'79/IC-86 2 year data | | - I I Baclzkgrourl\dAtlmoslph(Iaricl NIeLIJtIrino Flux
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Background Stat. and Syst. Uncertainties ||
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2 events at PeV energy 100 p ] T """ ...i)act;cubepre"mmary
26 more event 20-200 TeV 5 - L
(follow-up analysis) sl [ B B 7 T

* Highest energy neutrino events

ever observed 10 | |
% 5 ]
|
e First indication of extragalactic 77
nEUtrinO ﬂUX Deposited EM-éguivalent Energy in Detector (Te\ll?
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lceCube
event topologies

track shower
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IceCube

o Prelimina
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lceCube
event topologies

V,, ..tracks Vy ...Showers
~ 40% of £, deposited

Ve,r ...Showers
(for sub-PeV )
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lceCube

reported features

Aartsen et al. 2013
talks by Whitehorn and Kopper @ IPA2013, ...

* harder spectrum than expected
from atm. backgrounds (40)

e consistent with isotropic flux

epotential cutoff above
~ 2 PeV?

where is the Glashow
resonance @ 6.3 PeV?

mw — \/QMGE,/

10

—

number of events in 662 days

0.1

Glashow resonance

S pkg. 3
data +——
L e 1 | 1 L 3 13
10 100 1000 10000

deposited energy [Te V]
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lceCube
required flux

* Flux and spectral index:

—y 10° | 47 [ all-sky : Y ]
L, —~
(I)d — 47T¢Of £ 10°}
. *\1Tev :
< 10 F
T E 10° +
fraction in flavor o 210
2 107 |
IceCube Preliminary| — *-

=> assuming all nu in 107 5 v 3 o
. Neutrino Energy [TeV]

e-flavor gives a more

conservative flux estimate
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lceCube
required flux

10~ 10 e [T [rrTTTrrT [rrTTTrrT rrTTTrrT 3

. CC C ﬂavor only
* Flux and spectral index:

-
— 47T¢Ofoz (11,]? V)

fraction in flavor o

— 47T¢0( V/l TeV)JY

¢o [GeV~Lem™2 sec ~tsr™!]

=> assuming all nu in
e-flavor gives a more
conservative flux estimate 115 2 25 3 35 4

spectral index -y
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lceCube
required flux

) CC,I elﬂavor only bkg =
 Flux and spectral index: oLl T data ——
: |, best it ——
% : . j: . y=2 —
EI/ —fy 2 - { { T
dL = 4ngpo f g | L
q>) 1 E —— —
S .
fraction in flavor « g
S ]
(e
=> assuming all nu in
e-flavor gives a more 0.1 S U S N
, , 10 100 1000 10000
conservative flux estimate deposited energy [Te V]
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Origin of PeV neutrinos

* (extragalactic) CR generated * high-energy neutrino flux limited by
neutrino flux Waxman-Bahcall bound
ptp—= [ +rt+7 ]+ X, E23, <1078 GeVem 25!

AT T n . )
pry—an Tt assumes optically thin sources of

. high-E protons 7, <1
flavor ratios at source

Fermi acceleration of = 2
Dete : Ppgp - Pryr=1:2:0 P
=> PeV neutrinos come from

flavor ratios at detector close the second knee, with same

0% = Psadl spectral index (pp)
¢g—|—é : ¢z+/j . ¢g_|_7—- ~ 1 . 1 . 1 Ey ~ 005Ep
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A new window into neutrino
physics?

The measurements of the high-E neutrino flux will primarily educate us

about the origin of high-E cosmic rays.
see, e.g., Murase et al,, Laha et al. Fox et al.

But lceCube, at those energies, may also tell us more about new physics
in the neutrino sector. Can we:

* induce signals in excess of the VWaxman-Bahcall bound?
e “suppress” events in the Glashow resonance region / spectral cut off?
* change observables like shower/track ratio or sky-distribution?

* relax the relation between diffuse gamma rays and nu-flux?
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a reminder of why it’s fair to think
about new physics at this early stage

NEUTRINO MOMENTS, MASSES AND CUSTODIAL SU(2) SYMMETRY *

Howard GEORGI and Michael LUKE
Lyman Laboratory of Physics, Harvard University, Cambridge, MA 02135, USA

Received 17 April 1990

1. The problem

Most likely, the solar neutrino problem [1] has nothing whatever to do with
particle physics. It is a great triumph that astrophysicists are able to predict the
number of B® neutrinos coming from the sun as well as they do, to within a factor
of 2 or 3 [2]. However, one aspect of the solar neutrino data, the apparent
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Enhanced interactions with
baryonic currents rospeiorrro201

* new U(1), gauge factor, which couples new left-handed neutrino v
to quarks but not to leptons via V-type

D,LLVb — (a,u + iQVgBVM)Vb m lDSM . ’y,uvlu

e Gp/GF » 1 requires light mediator mass my = O(MeV — GeV)
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Neutrino oscillation portal

e Am? is the small parameter controlling the 3
appearance probability into a new flavor.
Consider, e.g. Am2,
_ 0 _ 0
o = COS (924%2 — S11 (924714,
ng = sin @aqny + cos fauny Ooy #0 2,4
Amé

U = UsR**(024)

e we consider small new angles 6,4 < 0.1
in order to keep the standard oscillation picture largely intact

(this still has to be quantified better)

for constraints on mixing with sterile neutrinos
see, e.g., Kopp et al.2013
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Neutrino oscillation portal

* appearance probability of new flavor 3
2 2
_Am21L Ama m.
Py, = ZUskUbke_z o35 ‘
P
04 #~ 0 2,4
Say, atmospheric splitting dominates | | Amd
Am?2 L ’
. e . M atm. .
Py, = sin” (2051 ) sin” ( 45 ) sin? (2(92’5) =4 Z UZ . Upk
k>A
A=1,2,4
sin2920°f  — small Am? guards new interactions from

be, i, . . . .
N detection in terrestrial neutrino experiments!
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Neutrino oscillation portal

e BUT portal may not guard new interactions on

AT E, 1010 V2 E,
[ A glkp(;(() V)( )

~ Am? Am? 1 PeV

e oscillations average out, appearance is incoherent process

2

Pso = | ) UsiUsie™ P = |Uail*[Ugil*
) )

1
—|USM|2 5in? 26,4

Py
ba ™ 9

* [ceCube can pick up appearance of the new state!
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lceCube
event topologies

v, ..tracks vV, ...Showers
~ 40% of E, deposited

Ve,r ...Showers
(for sub-PeV v;)
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DIS cross section

d°cp
dedy 27 (1+Q2?/m?)?

o/E, (cm?/ GeV)

(;?qullg _Z5;/77lj\[

107> ' ! T T T
Olc —
10~ 36 ove —._
Vp(Vp)
10—37 O'B
valence
10_38 \\
10—39
10—40
104 — — -
10—42
107% my =1 GeV
10—44 1 1 .
102 ‘]04 ‘]06 108 1010 1012
E,(GeV)
G = 200G F

X (”Baryonic Form Factor”)

* A new light mediatorV cuts
off cross section at lower energies

=> |less PeV for more TeV events

=> effective suppression of events in
the Glashow resonance region!
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DIS cross section

g Ggqp  E.my
dedy 27 (1+Q2?/m?)

o/E, (cm?/ GeV)

10~ 3 T T T T T

10_36 0\_/6 — —

10” 37
valence

| | | ’ |
a

10~ 44 '
102 10% 100 108 1010 1012

Ev(GeV)

Gp = 200G

5 x ("Baryonic Form Factor”)

* A new light mediatorV cuts
off cross section at lower energies

=> |less PeV for more TeV events

=> effective suppression of events in
the Glashow resonance region!
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DIS average inelasticity

0.5
E NC, v — EV L EI//
0.45 ;— NC, 7 ---- y — E
my = 1GeV 1%
0.4 my = 10 GeV _—
. (W)E, ..average energy
: 5 . .
deposited in the
s 03 detector
0.25
0.2
baryonic scatterings
0.15
are softer than NC
0.1

10t 102 10 10* 10° 10 107 10® 10° 10'0 . .
E, (GeV) => heavier mediators

are favorable
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EyisdN/dE;s (1/km3 /yr)

Event rate

I' = flux x cross section x detector efficiency

103 —T—TTTrr —T—TTTrT
| shower (SM—I—NCB)
shower (SM) -
track —==- 7
NCB
10% F E
101 = §‘~~\\\\ ............... -
! sin o4 = 0.1 \\\x\\ ]
i Gp/Gr = 500 \\\\\ o
L F my =10GeV s
[ Neg = 70 ]
10-1 Ll Ll i
10! 102 103 10%

registered energy F.is [TeV]

consider ideal detector, |

/

Flux at Detector (d) from
CR origin at source (S):

d
§b5 — Pﬁagbfx
US_M 2 49 USM 2
¢g—|—5 o~ z‘l‘ﬁ Sin2 2914| = | e

S S
2]36;\4 + 4PW})4

“Softness”’ of NCB drives one
to consider heavier vectorsV
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lceCube observable
shower/track ratios

Gp/GF

10 F

101

- sin 924 =0.1

. (10 — 103) TeV —
e (103 —10%) TeV —--

CDF monojet -

10
my (GGV)
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lceCube observable
shower/track ratios :

Friedland et. al, 2012 Y

showers(NCB—kSll/I)/showers(SM) 10! ——rror—r—r—
==_ T R - \

T7] T lvllll'l F T rrer

10* g —==

LI

100

)l lJllll

L9 N ; L
2 ™3 © 1071k B
> - 2
© . (10 — 103) TeV — ] - :
102 b S (10° —10Y) TeV -~ S ]
o ”‘,...CDF monOJet ........ E 1 0_2 - ,}j, —‘:
- sin 924 = 0.1
1 I...Ig’ 103 L1l NIRRT L 11l ! R
0 10 10° 10’ 10° 10° 10*
my (GGV) MZ‘ [GeV]

combination of largish vector masses together with large coupling
is excluded by collider monojet constraints.
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lceCube observable
shower/track ratios

(NCB+SM) /showers(SM)
S => we can fix the model by
increasing the energy deposition in

the scattering, e.g.

showers
-~ ~ L]

10*
:\

Gp/GF

. (10 — 103) TeV — 7
102 k e (108 = 10%) TeV ===
E “CDF monOJet ........ E

- sin (924 =0.1

10! ' ' ——— L
10
my (GGV)

...stay tuned
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keV signhals
from baryonic
neutrinos

based on M. Pospeloy, |P,
PRD 85, 113016 (2012)

+ updates for 2013
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Neutrino oscillation portal

* portal may not guard new interactions on

AT E, 10710 g2 E,
Losc — " ~ 1 kpC L eV
Am? Am? 1 PeV

l l consider low energy process
ATE 10710 eV? E
Losc — =~ 1A -
Am? v ( Am? ) (10 MeV>

e appearance of v, in the solar neutrino flux

* NC-type interactions from a solar flux on baryons at MeV energies!
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MeV-energy observables
from a solar flux of 1/

0., N (elastic) A?

~ ~ O(10°
o, N (inelastic) EA le.v (10%) M. Pospelov PRD 201 |

=> Dark Matter searches become competitive with neutrino
experiments

=> D breakup in SNO does not constrain this scenario

e Coherent neutrino nucleus scattering with G%(N/2)? = G5 A?

d 1
dcssﬁ — 8—7TG%»E§ Z(4sin® Oy — 1) +N]2 (1 + cos6)



one
species

k%

three
signals?

e DAMA: 250 kg of scintillating Nal crystals, running since
1995, exposure in excess of | ton x year, no discrimination

® CoGeNT: 440 g Ge crystal, 807 live days; ionization only, no
discrimination

e CRESST:scintillation and phonons; 730 kg days, multi-target
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one
species

k%

four
signals?

e DAMA: 250 kg of scintillating Nal crystals, running since
1995, exposure in excess of | ton x year, no discrimination

® CoGeNT:440 g Ge crystal, 807 live days; ionization only, no
discrimination

® CRESST:scintillation and phonons; 730 kg days, multi-target
¢ CDMS-Si:ionization and phonons; 140 kg days
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—
5
W
O
debededededd
—
S
W

one % -z
E 10~ 11074 §

species
e 5 1074 1103 §
& | 3

= >

four
> B

= =

s 7 : - |
sighals! el LTINS T T T T,

5 6 7 8910 15 20 30 40 50
WIMP Mass [GeV/c?]

e DAMA: 250 kg of scintillating Nal crystals, running since
1995, exposure in excess of | ton x year, no discrimination

® CoGeNT:440 g Ge crystal, 807 live days; ionization only, no
discrimination

® CRESST:scintillation and phonons; 730 kg days, multi-target
¢ CDMS-Si:ionization and phonons; 140 kg days
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Direct detection of v

like SM-neutrinos with G%(N/2)? — G%A?

!

dR(t) i do
— 0¥ Py(t, E,
! N
appearance probability
overall flux average over
modulation neutrino spectrum i

1Lyr

L(t) = Lo {1 - ccos |

to ~ 3 Jan (perihelion)
e = 0.0167 (eccentricity)
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Direct detection of v

102 T T T T T T T T 108 T T T T g
................. ’ SB —— E . 5B — ]
8 : b 107 E Germanium N i
1010 N 5 Negr = 100 N
pp ........ C eff - pp ........ 7]
13N - -

108 - 0 -
: 17F =

solar v flux [cm~2s~'MeV 1]
recoil spectrum [events/keV /kg-y]|

10

Peb(L, EV) o~ Sin2(2924) Sin2 [AmL(t)]

1F,

high energy solar flux exits sun mainly as v
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Direct detection of v

more modulation here

dR(t) _ { ] Z‘I’ /mn df; do Plb(t,E,,)

dbR “dE, dEg

Lose o5 « <10_1O eV) ( E, ) oscillation-length on the
Lo Am? 10MeV / order sun-earth distance

=> flip phase for high energy part of the neutrino
spectrum! explain DAMA!
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DAMA

modulation amplitude

modulation amplitude (cpd/kg/keVee)

0.03 ——
0.025 |
0.02 |
0.015 [
0.01 |

0.005 |

-0.005 |

-0.01 b———

0

Vy

Neg = 102 —
Am2 =252 x 10710eV2 -
x?/d.o.f. =9.3/8 ;

T~

DAMA'2010 — o -

) L
e

fit only first 10 bins
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DAMA

time series

DAMA /LIBRA 0.87 tonxyr

-0.02
-0.04 -

o b

0.04 F
0.02 [

-0.02
-0.04 -

0.04 F
0.02 |

residuals (cpd/kg/keV)

-0.02 F
-0.04 F

days since Jan 1, 1995

phase off by one month!
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events / 0.1 keVee

\CRGeNT

250

150

CoGeNT 442 days +e— -
L-shell bkg. subtracted +—e— ]

Vp+const =——
Vp ===
s\ const «weeee

Nog = 228 -

\\\ { } J

\ : 3 $ .

------------------- \\{ FRE ! f_i}ii_*ié

0.5 1 1.5 2 2:5 ]
E, [keVee]

unexplained rise in Ge towards
threshold

events / 0.05 keVee

120

100 R

80

60 |

40 :

20

CoGeNT 807 days, subtracted +—e—

Vp — ==

Neg = 104
Am? = 1.74 x 10710 eV?

1.5 2 2.5 3
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Light Yield

CRESST-II

10
8
= 6
=
~~
Z
=
2
o 4
A e——— W
0 20 40 60 80 _ 100 120 140 2
Energy [keV]
Angloher et al EPJC 2012
0

® 8 CaWOy4 crystals, 730kg days

® 6/ events, only half
understood as background

CRESST-II 730 kexdays

|

20

vy, R
e/ :
Pb —
o .

n
observed —— -

25 30 35 40
E, (keV)

xp/d.of. =27.8/28
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lonization Yield

oo

CDMS-Si 2013

3 events, 0.2% probability of known background-only hypothesis

CDMS-II Si 140 kgxdays

Am? =4 x 1079 eV?
Neg = 49

b b
-

-~ 0000 =
oo-shoNroD -

dR/dFE, (events/keV)

10~°F E

10_3 AT FRETARTERRREIT! I.| ....... ||||||||||| ......... [FTEREREIT I..| ...... [FETTEREET
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2012

CRESST-II
CoGeNT
DAMA
CoGeNT hull

100 |

Neff

99% C.L.

10 ' e
10— 10 102
Am? [eV?]
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2013

Hl CDMS-II Si
CRESST-II

Bl CoGeNT

 DAMA

Am? [eV?]
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B CDMS-II Si
CRESST-II

Bl CoGeNT
DAMA

——- CDMG&S-II low th.
- - - Xenon100 (100d)

-------- Xenonl0 low th.

uncertain, because of
poorly known nuclear
recoil energy
calibration;

here Qy from Angle et.
al 201 1 (XelO)
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Outlook

XENON100, 225 live days COUPP, 60 kgx1 year

1 e e e 10000 g e SRR 5
; : : Am? =3 x10710eV2 ]
] I Neg = 60
________________ EM background ___ 0 ;
10 f Am? =25 x1070eV? - i
5 ; Nt = 100 i 100 ¢ .
B . ]
: % ] 2 |
% = 10 -_
1} . :
]_ 2 \\ DM —
01 1|--‘l|| ......... Loy sasay Loy sasay I T N losssoasag | 01 L Lo a Lov vy I VI N I...\\ ..... _
200 300 400 500 600 700 5 10 15 20 25 30
S2 (PE) Eipr (keV)
prediction for Xenon|00
(using most recent Qy prediction for COUPP
measurement by Xel00, bubble chamber (CF3l)

Aprile et al. 2013)

® Borexino plans to constrain the model from2C* (4.4 MeV)
possibly down to Mg = 10
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Baryonic neutrinos in SN

Vy

L7
T T

freezes out quickly
=> high T spectrum!

(f ' (f

highly insulating scattering sphere

® nearby SN detectable => signal in direct detection from oscillation

e Efficient trapping with large diffusion zone will likely prevent
direct emission of v, with high enough temperature for direct detection

® can it affect dynamics of explosions!?

® diffuse SN signal may be detectable as well
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MeV signals
from dark matter

H.An, M. Pospeloyv, |P,
PRL 109 (2012) 251302
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WIMP miracle

t (ns) direct detection
1 10 100 1000 o
T L UL [ 10 #
10—4 my =100 GeV 5 c
10 oy DM DM
103° Y 8
1078 g g -
L)) Q
Y 40-10 g L) )
loiz 0 g 35
10714 L S v
o)
e ST ZEVY sm SM

10 1
T (GeV)  from Feng 2008

imposing a thermal history can provide an important calibration point
for mass and interaction strengths of DM

1 => electroweak scale physics with weak strength

(Tann?) interactions offer a natural solution = “WIMP”
2

OpU ~ Rib)V Iy 1 pb
MmpM => fuels hopes for a laboratory test

QDM 0.6

but there many more possibilities: superWIMPs, secluded WIMPs, super-cold DM...
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cheat-sheet Sov 3 VWIMP miracle

direct detection

—
What if direct link to SM is too feeble? 6| DM DM
=
c 9
o O D
=> no correct thermal abundance _§ s O
. =
=> little direct detection prospects ;L 3
= T
CEY sM SM
Co-annihilation can guarantee
abundance Griest, Seckel PRD 1991 X+
I
XV A
I
XOX* 5 SM
XX 5 XtX™ - SM
T xo

Tfreeze ~ 20 — Am 5 Oo5mXO

SM
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Excited states of DM

* in the potential of the nucleus, excited state is accessible

=> capture Fj, = O(MeV)

V(Tb)—l—Am<O...-"...
4

“critical zone”

nucleus
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Excited states of DM

in the potential of the nucleus, excited state is accessible

=> capture Fj, = O(MeV)

offers a new kind of signature

™
o

NN\NNV

nucleus
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DM in neutrino experiments

® 02/ experiments look for extremely rare MeV energy deposits

205 Ov2p3
n P T p
q :6_ EL-)—>_—6_
~ o7, A
— I
- _ue_ Y
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DM in neutrino experiments

® 02/ experiments look for extremely rare MeV energy deposits

20 Ov2p5
e e
D ?
SS‘) “_\e E:e
n p T p
® first data from 10’ SS
EXO-200 and 2"
Kamland-Zen %" |
S 1T\ (0 Ty N T
010-1 e YN W]
A L O R R RN EXO-200 collaboration, 2012
1000 1500 . 1123-(;(;7 keV) 2500 3000 3500
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Generic cases for
charged excitations

Case A: different spin Case B: same spin

LOyX "X~ + h.c.

/
??éé@

Ny +XY = (NgX")+et

LD geg(X"O*XT — XTOX" YW,

3335
e

N

Z

Nz +X" = (Nz 1 X7)
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Readily realized
Supersymmetry

Case A: different spin

LOyX’T X +h.ec

v

LA = X(geLPL + geRIP’R)e%T + h.c.

!

flavor off-diagonal
Yukawa coupling

“neutralino-stau scenario”

, LR stau mixing angle

N

Case B:same spin

LD geg(X"O*XT — XTOX" YW,

v

= T (9,710 — #19,5°) + h.c.

2

Lp

Jeff = g9 COs 0z cos 050

T A

sterile-active mixing angle

“sneutrino-stau scenario’’
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Exotic bound states
basic properties

® Ground state wave function for various nuclear charge
distributions, e.g. “C

| By (point)| = 10.7 MeV | Ey(hom.sph.)| = 2.8 MeV
|Ey(gauss)| = 2.6 MeV

B

E Rpoint """"
lE Ry, sph

o, Rgauss

A

2.5 3 3.9
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Recombination
Case A

® Cross section into state n, |

Onpll = 87me ’Eb,nl| — Am)2 — mg(|Eb,nl\ — Am)]nl(v)
(ET. of the wave function)
() = [ 0102 0501 i ()50
2
= Omo(4m) (20 + 1) [/ dr run; (r) 7 (urv)
\

o x 1/v  inelastic cross section (“Bethe’s law”)
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Recombination
Case A

® Cross section into state n, |

2 2
e —I_ (&
o 0 Ll 19eR] \/(yEb,n” — Am)2 — m2(|Ep.p| — Am) Ly (v)

l

Kinematic condition:

bound state can only form if

TAV = Z O, IV botential energy can overcome
! mass gap and create a positron
!

which n’s are accessible depends on Am

=> for heavy nuclei one must include n = 50...100...!
Josef Pradler - INFO 2013
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Recombination
Case A

® if so many quantum states are accessible we approach a
semi-classical limit:

® integration of fly-by time when r <,
gives rate for transition e

V(Tb) + Am <0

=> semi-classical oy
cross section -t

“critical zone”

nucleus
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(ov) [cm?]

The correspondence

principle at work

10~
10—30
-]
1032
10733
10734

10—35 [

semi-classical
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136X e : Kamland-Zen and EXO-200

e Kamland-Zen e EXO-200

s 23m Balloon
4 .

Time Proiect
13 ton Liquid Scint. # Time Projection

| Chamber (TPC)
33 kg x | yr

AN
%

j‘-..‘ el
| - “multi-site”

\\

) W - i
4 2h
LA = 102 b g
10 = (a) Data >80 Series E PSS ) o )
- Total ---+ >Th Series 210 Nty T
e Total (OvBp upper limit) ---- 2'°Bi g = \ ..... R F N AR T !
107 X OVBB K S e\ [ e AR
>  E (90% C.L. upper limit) - - - 2B; g M -. 2\ I | I |
210 S0 ONeR
o. — ‘l\ )‘_ S 102 I\n \ o | ./—."T". ‘~_'T\"'l H ITh;
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Constraints
EXO-200

EX0O200, Xenon chamber

spatial EXO resolution ~ Icm

“Multiple Site” event because
MeV-scale gamma-rays have a
mean free path of ~ 6 cm

total deposited energy (recoil
of the bound states negligible)

J D — E,SO) — Am + m,

Eb ~ 18 MeV
monochromatic spectrum
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Constraints
EXO-200

24 events between
3.5-10MeV
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EXO200, Xenon chamber EXO-200 PRL 2012
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F$ (GGV)

Constraints
EXO-200

2 2
Am? —m?
' ~

(Am + me)<|geL‘2 + |geR|2)

24 events between
3.5-10MeV

107 p=

L 2| 1

1000

1500

2000
energy (keV)

EXO-200 PRL 2012

| 3500
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F; (GGV)

Constraints
Kamland-Zen

Kamland-Zen PRL 2012

3 (a) Data 281 Series
: Total -+ 2T} Series
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F$ (GGV)

Constraints
Dark Matter experiments

Xenon |00 PRD 201 | study of
electromagnetic background
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Constraints
Dark Matter experiments

F$ (GGV)

1071
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10—14

10—16

10718

10—20

10—22

it DAMA Nal(TlI)
New search for processes violating the Pauli exclusion principle
L N in sodium and in iodine
R. Bernabei' 22, P. BelliZ, F. Cappella®*, R. Cerulli’, C.J. Dai®, A. d’Angelo>*, H.L. He®, A. Incicchitti*,
H.H. Kuang®, X.H. Ma®, F. Montecchia'-2, F. Nozzoli'-, D. Prosperi>*, X.D. Sheng®, Z.P. Ye%’
| _ [ 1 _ x107
10 ¢ 2 10 ,F a) % iast b)
; 510 F > 1L
2 < 107} <
10 ¢ S0 5075
; =, -5f = 05F
B B} % i $10 025 ¢
3 S 10 e A0 LENIN 8 A
z 10 ¢ A w2 "0 s0 100
2 - Energy (MeV) Energy (MeV)
) L
< 4
— = 310 -
2 F
= -
S st
conservative: 10 -
B IS recombination with lodine 7 o
/ -
no v's produced vy L S
2
4 10 10
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII Energy (MeV)

0 2 4 6 8§ 10 12 14 16 18
Am (MeV) only 22 days out of |2 years, ./ .



F; (GeV)

Constraints
anomalously heavy nuclei
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Abundance Limits for X Particles
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Hemmick et al, PRD 1990
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G (pb)

CMS collider constraint

EmEmEn stop (NLO+NLL)
s1nin1 Pair Prod. stau (NLO)
= GMSB stau (NLO)
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Constraints
summary

1010 90% C.L.

10—12 |

10—14 |

10—16 |

F7~- (GeV)

10—18 e e R P P PP E LT PP R PEPEEPREPRRPD -

10~29 150 GeV ——- 4
200 GeV -
anomalously heavy C —--
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An application:

Fermi 130 GeV gamma ray line

=
=

Entries/bin
g 8 &8 8 8

- E=134.860 QeV

N=182

(T =253+ 0.42(95CL)

Preliminary

7.0

5.25

35

1.75 |

Nug = 17.77 ovts
3.730

I\ 4 year PTREP_Clean|
I'\ 40x40 GC ROI
" ‘\"10 PDF"

unexplained line
feature in gamma
rays from the
galactic center

130-135 GeV

Bringman et al. 2012, Weniger 2012,...
Bloom et al. 2013 (Fermi Collab.)
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An application:
Fermi 130 GeV gamma ray line

Emission from GC requires annihilation
cross section (ov)., ~ 10727 cm? /s

enhancement possible through
“stauonium resonance” via

(9. Pr + grPr)7T7' + h.c.

2 x 130 GeV = 2m,,

!
!

AVAVAVAY
Y

VAVAVAVAY.

U2
i

7 %
S "
y :}/

2 y

e resonance
) ~2Am

condition

= Am < 0.9MeV
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F; (GeV)

An application:
Fermi 130 GeV gamma ray line

90% C.L.

10729 150 GeV
200 GeV
anomalously heavy C

0 2 4 6 g8 10 12 14
Am (MeV)

16

18

Fermi line explanation
excluded from the
combined constraint
from neutrino
experiments and CMS
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Recombination - Case B \;v??vﬁio
// Nz

N

Z

® encouraged by success of our semi-classical calculation for Case A,
use it for Case B (nuclear transmutation Ny — Nz.11)

e Step I:calculate cross section for X'n — X p

® Step 2:use Fermi gas model for density and momentum
distribution of n and p inside the nucleus;
consideration of fly-by time again gives cross section.

® Note: because of Pauli-blocking, part of the potential energy must
be invested to lift p above the Fermi surface of N,
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cosmological constraints
long-lived charged relics

CHAMPs during BBN lead to
severe overproduction of 6Li
from bound states with He.

standard BBN:
D Y

‘He oL

catalyzed BBN:

Pospelov PRL 2006

104

1076

1078

10—10

10712

10—14

10—16

100

T /keV

10

Pospelov, Pradler Ann.Rev.Nucl.Part.Sci. 2010
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Constraints
case B

90% C.L.

=
=
EXO200, Xenon chamber
0.07 Lo v i |...~.~.~.~.’}~.1. ......... Y i i -
Iong lived Am5 0 2 4 § 8 10 12 14 16 18
'z o — Am (MeV)

excited state: My,
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Conclusions

® Entertained a model with a new neutrino that couples with
stronger-than-weak interactions to quarks, guarded by the
“oscillation portal”

yields alternative explanation to the dark matter direct detection
anomalies

in some variants of the model, it may also have interesting implications
for the recent non-atmospheric (sub)-PeV lceCube neutrino obs.

® Rare event searches with good MeV sensitivity can test the co-
annihilation regime where DM has electromagnetic charged
excitations---in regions that are out of kinematic reach at LHC.

Thank you!
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